Glypican-3 inhibits Hedgehog signaling during development by competing with patched for Hedgehog binding.
Loss-of-function mutations in glypican-3 (GPC3), one of the six mammalian glypicans, causes the Simpson-Golabi-Behmel overgrowth syndrome (SGBS), and GPC3 null mice display developmental overgrowth. Because the Hedgehog signaling pathway positively regulates body size, we hypothesized that GPC3 acts as an inhibitor of Hedgehog activity during development. Here, we show that GPC3 null embryos display increased Hedgehog signaling and that GPC3 inhibits Hedgehog activity in cultured mouse embryonic fibroblasts. In addition, we report that GPC3 interacts with high affinity with Hedgehog but not with its receptor, Patched, and that GPC3 competes with Patched for Hedgehog binding. Furthermore, GPC3 induces Hedgehog endocytosis and degradation. Surprisingly, the heparan sulfate chains of GPC3 are not required for its interaction with Hedgehog. We conclude that GPC3 acts as a negative regulator of Hedgehog signaling during mammalian development and that the overgrowth observed in SGBS patients is, at least in part, the consequence of hyperactivation of the Hedgehog signaling pathway.